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Abstract 
In this paper the dynamic model of single-input and single-output (SISO) is established, which take the coal feed as 
the input and the main steam temperature as the output. Recursive extended least squares (RELS) was used to identify 
the system model, and the ideal identification results were achieved. The results showed that the output of 
identification and actual output in good agreement by usage of the recorded data to verify the accuracy of model 
further. 
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1.Introduction 
Thermal power generation is a power cycle. The state of refrigerants not only change with the 
working and environmental conditions, but also change over time; some processes are linear, but any are 
non-linear. The system model of thermal power plant has been the focus of attention by scholars. Currently, 
there are two main research directions. On the one hand, it focuses on a simplified model of experimental 
data analysis, or known as the test model; on the other hand, it is focuses on the mechanism of the modular 
model, also known as mechanism modeling [1-3]. The analysis of mechanism is a common research 
method to dynamics of the steam-water system, and the algorithm is simple maturity. However, 
mechanism modeling has limitations [4]. Because of there are complex nonlinear relationships among the 
parameters of superheated steam, and we have to establish some reasonable assumptions. Although the test 
model is reliable, it takes a lot of manpower, material and testing time, and even affects the safety of 
operating units. The current method is the information mining for the recorded data of power plant, and 
then using the new modeling method to study thermal processes[5,6].In this paper ,modeling the dynamic 
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process of the main steam temperature in steam-water system by mining information from the recorded 
performance data, and recursive extended least squares is applied to model identification. 
2.Recursive extended least squares method 
Least square is a classic method of data processing [7]. The equation of the single-Input and single-
output stochastic discrete-time system can be described as:  
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Where  z k the k-times output value is observed of the system;  1u k  is the (k-1)-times input 
value of the system;  e k is random noise with zero mean. 
The system input and output are described by the following equation with the least squares form: 
)()()( kekhkz T  T                                          (2) 
Where h  is sample collection, T is the collection parameter which should be identified. 
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Criterion function is given by:  
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If the equation   minJ T  comes into existence, estimate value T is described as LˆST  where is the 
least squares estimate value of theT . 
As a result of matrix inversion and mass data of input and output, once complete algorithm is unfit for 
on-line identification and prone to lead up to some questions. The method to solve this question is to 
transform the once complete algorithm into recursive algorithm, that is to say, amending parameter 
estimate value continually when obtaining observation data. Then we can get hold of the satisfying 
identification result ultimately. However, with the increasing of data the gain matrix introduced  K k  is 
inclining to zero. That will result in amendatory ability forfeiture of the recursive algorithm. That is the so-
called “data saturation” [8]. Consequently, forgetting factor P  is introduced and recursive extended least 
squares method is proposed. Concrete steps are given as follows. 
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Where  P k is a square matrix whose dimensions rest with the number of the unknown parameter and 
is independent of the observation times. Gain matrix  K k  is introduced.      K k P k h k ;P  is 
forgetting factor ( 0.95 1Pd d ). 
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3.System Model 
The supercritical once-through boiler system is a controlled object of complex multi-input, and mult-
output. Any change of amount of fuel, water yield, steam turbine opening can affect the load of unit, the 
pressure and temperature of main steam. Furthermore, the change of water flow and valve would affect 
the amount of fuel, and the media is the temperature of main steam. For the control systems of the once-
through boiler units, the temperature control for main steam is very important. The once-through boiler is 
one steam-water cycle, steam and water don’t have a fixed demarcation point, furthermore it is forward or 
backward with the changes of fuel, water flow, and turbine valve. However, the demarcation point 
directly affects the length of heating sectionˈevaporator and superheat section from the circuit of steam-
water, affects the main steam temperature, even causes the load change. Therefore, the actual operation of 
steam-water system in the once-through boiler often presents a strong non-linear relationship. Usually 
modeling by using the differential equations, algebraic equations and the transcendental equation, but the 
process of solution and calculation of these equations is complex or no solution. So modeling through 
transfer function will be very difficult. 
In this regard, what we often do is to simplify system rationality, to remove some small influence 
factors, and linearization based on the nonlinear model. The Modeling, theory and methods of linear 
systems are very mature, least squares method which is the most common and most effective way. A 
large number of studies have showed that the least squares method is the best method of modeling linear 
systems [9, 10]. 
Take the recorded data of a 660MW supercritical units for example to study the dynamic relationship 
between each factor and the main steam temperature of steam-water system. Main acquisition parameters: 
load, water flow, steam flow, water temperature, coal feed, outlet temperature of steam separator, main 
steam temperature and main steam pressure, all show in Fig.1. After analysis and processing of the data, 
the result shows that the coal feed has a large influence to the dynamics of the main steam temperature. 
Therefore, the linear system model of single-input and single-output (SISO)is established, which take the 
coal feed as an input, take the main steam temperature as an output. The model structure is as follows: 
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Where )(kT  is the k -times observed steam temperature. )1( kB is the )1( k -times coal feed, 
and )(ke  is random noise of zero mean 
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Figure 1. Recorded data 
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4.Sumulation results 
2.1.Model identification 
We obtained a SISO model from the recorded data using the least squares and the Akaike 
Information Criterion (AIC)[8], and the coal feed B  as input and the main steam temperature T  is 
output. 
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Parameters a1=-0.7971,a2=-0.2017,b1=0.1574,b2=-0.1550,c1=1,c2=0.003,c3=-0.001.Where )(kT  is the 
k -times observed steam temperature, )1( kB is the )1( k -times coal feed, and )(ke  is random 
noise of zero mean. Recursive extended least squares (RELS) was used to identify the system model, the 
results as follow: 
y Fig.2(a) shows parameters converge quickly, and the identification results have been steady at 
the 10th step.        
y Fig.2(b) illustrates the response of the SISO system, obtained from the pseudo random signal as 
input. 
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Figure 2. Model identification with recursive least squares method: (a) Parameter identification; (b) System response and model 
response 
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Figure 3. Steam temperature response of system and model 
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Using another 200 sets of recorded data, the sampling time is 1 second, to verify the accuracy of 
model. Fig.3 shows the similar responses of the actual plant and model under sometime operating 
conditions. The maximum error is less than 0.5%, and achieved the desired verify results. 
2.2.Dynamic Analysis 
We can obtain the dynamic model from the perturbation experiment data of coal feed, shows in Fig.4, 
near 563MW load.And obtained the transfer function of the model: 
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Figure 4. Perturbation experiment data of coal feed 
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Figure 5. Steam temperature dynamic responses 
Fig.5 shows the main steam temperature dynamic response of the transfer function, and the steam 
temperature responses of system and dynamic model by RELS. It also shows similar response of three 
them. As for the errors, it is inevitable in only considering the coal feed to disturbance, because there are 
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many factors affect the system; but it can be seen that the error is within the permissible range. Therefore, 
using the above method the thermal system can achieve high modeling accuracy, and that has some 
practical significance. 
3.Conclusions 
The identification of recursive extended least squares method that just depends on normal working 
data has no use for special input excitation signal. Because this method amends parameter estimate value 
continually when obtaining observation data, it can receive better identification precision. Basing on this 
point, this paper educes dynamic modeling of coal-feed and the main-steam temperature in the steam-
water system; the dynamic modeling is identified online using recursive extended least squares method, 
then we receive satisfying identification result. Finally, we analyze dynamic characteristic of this system 
briefly and validate ulteriorly precision of this model. 
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